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© Molded optical package utilizing leadframe technology. 



© An optical communication arrangement and 
method is disclosed which utilizes a combination of 
leadframe and package molding technology to re- 
duce the complexity of the arrangement. In general, 
a leadframe (20) is utilized for the placement and 
connection of the required electronic circuitry (24). 
An optical device (32) is also coupled to the lead- 
frame, where a subassembly may be used to house 
the optical device. The electronics and optics are 
then simultaneously encapsulated in a molded outer 
package (50) to form the final arrangement. In one 
embodiment, an optical subassembly incorporating a 
fiber optic connector receptacle (52) may be utilized, 
^jj wherein the molded outer package is configured 
^ such that the connector receptacle remains exposed. 
CD Alternatively, the molded outer package may be 

£2 configured to include the connector receptacle. 
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Background of the Invention 

Technical Field 

The present invention relates to improved 
packaging techniques for optical communications 
systems and, more particularly, to optical pack- 
aging techniques utilizing molded leadframe ar- 
rangements. 

Description of the Prior Art 

There exist many different arrangements for 
packaging optical communication arrangements. 
For example, the optical device (e.g., laser, LED or 
photodiode) may be attached to a mount which is 
subsequently aligned with and attached to a base 
member, the base member utilized to facilitate 
coupling of an optical fiber to the optical device. In 
most cases, the base member will include a len- 
sing element to maximize the optical coupling. The 
arrangement of the mounted optical device, base 
member and lens is often referred to in the art as 
an "optical subassembly", or OSA. The electronics 
required for operating the optical device (a driver 
circuit for a transmitter or an amplification and 
decision circuit for a receiver, for example) may 
then be separately assembled (on a printed wiring 
board, for example) and connected to the optical 
subassembly by conventional electrical leads. Al- 
ternatively, the electronics may be fully enclosed in 
a separate housing, with only the leads exposed for 
connection to the optical subassembly. An advan- 
tage of using separate housings for the electronics 
and optics relates to the ability to interchange the 
components as required, for different applications. 
For example, a data link application may operate 
with TTL electronic signals, and another application 
(with the same optics) may utilize ECL electronic 
signals. Additionally, if either the electrical or op- 
tical portion of an arrangement were to experience 
a failure, the working portion could be discon- 
nected and re-used with another arrangement. A 
major disadvantage of separate packaging is the 
overall size of the resultant arrangement. With two 
separate packages, the arrangement requires a 
rather large space. Further, such an arrangement is 
susceptible to electrical noise introduced by the 
necessarily long lead lengths between the electron- 
ics and the optical device. The electrical noise 
factor becomes a significant concern at bit rates 
exceeding approximately 10 Mb/s. Also, long leads 
may limit the maximum bit rate of either a transmit- 
ter or receiver, due to parasitic lead inductance 
(limits transmitter) or parasitic capacitances (limits 
receiver). 

These and other concerns have led to the 
development of package designs which provide for 



the electronics and optical device to be housed in 
the same unit. Many of these unitary packages are 
relatively expensive, as a result of using a hybrid 
integrated circuit (HIC) arrangement for the elec- 

5 tronics, with an optical subassembly attached to 
the HIC. Additionally, the piece parts used in the 
optical subassemblies associated with these pack- 
ages are often formed of machined metallic com- 
ponents, adding to the cost of the system. Fabrica- 

70 tion problems may also exist with respect to mating 
the various piece parts (i.e., outer housing, optical 
subassembly and HIC). Lastly, in many instances, 
the packaging processes for a transmitter and re- 
ceiver are often very distinct, leading to manufac- 

75 turing problems and increasing the overall expense 
of the packaged system. 

An improved package design is disclosed in U. 
S. Patent 4,911,519 issued to W. H. Burton et al. 
on March 27, 1990. In the disclosed arrangement, 

20 the HIC of a conventional package is replaced by a 
conventional 16-pin dual-in-line package (DIP) 
which includes a specialized pair of end prong 
leads for attachment to the optical subassembly 
(OSA). The DIP and optical subassembly are sub- 

25 sequently assembled within a plastic molded pack- 
age frame. The plastic molded frame is configured 
to include a molded optical connector receptacle 
for subsequent attachment of a connectorized op- 
tical fiber. The arrangement is subsequently cov- 

30 ered with a metallic lid which is grounded to the 
package floor. A significant savings is realized by 
the utilization of the DIP, as well as utilizing a 
molded plastic piece part for the frame/connector 
assembly. 

35 Although the Burton et al. arrangement is con- 

sidered to be a significant advance over the prior 
art, the need remains to further simplify optical 
packaging techniques, with respect to limiting the 
number of separate assembly operations, in light of 

40 rapidly growing markets which will require many 
thousands of such devices in as a cost competitive 
arrangement as possible. 

Summary of the Invention 

45 

The need remaining in the prior art is ad- 
dressed by the present invention which relates to 
optical packaging techniques and, more particularly 
to the utilization of transfer molded leadframe- 

50 based packages. 

In accordance with an exemplary embodiment 
of the present invention, a leadframe section is 
utilized for placement and attachment of electronic 
circuitry required for the operation of an associated 

55 optical device (e.g., a driver circuit for a optical 
transmitter and/or amplifier-decision circuit for an 
optical receiver). The semiconductor optical device 
is coupled to the leadframe and the associated 
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electronics. The optics and electronics are subse- 
quently encapsulated by a suitable material (e.g., 
plastic) using molding techniques. 

An exemplary arrangement of the present in- 
vention may utilize an optical device (and lensing 
element(s), if required) inserted within a conven- 
tional optical subassembly (OSA), where the OSA 
is connected by electrical leads to the leadframe. 
The electronics and OSA are subsequently encap- 
sulated using molding techniques to form the final 
package. The molding operation is performed so as 
to create a connector receptacle as a unitary mem- 
ber of the outer package housing. 

In an alternative embodiment of the present 
invention, the above-described OSA is replaced by 
the direct attachment of an optical device (for ex- 
ample, a lensed LED) to the leadframe. In particu- 
lar, the ieadframe is configured to include a 
paddle-like lead for attachment of a first major 
surface of the optical device. Depending upon the 
type and placement of the optical device, the pad- 
dle may be designed to include an aperture 
aligned with the active region of the optical device 
so as to allow for the passage of an optical signal 
therethrough. A second lead is coupled to the 
opposing major surface of the optical device to 
provide the remaining electrical connection. A base 
member is attached to the leadframe in alignment 
with the leadframe aperture and utilized to facilitate 
the coupling of an optical fiber to the optical de- 
vice. The base member may include a coupling 
lens and be configured to provide a connector 
receptacle, utilized to provide the physical attach- 
ment of a connectorized optical fiber to the pack- 
age. Alternatively, a conventional optical base 
member may be utilized and the outer package 
molded to include the connector receptacle, as 
described above. 

In yet another embodiment of the present in- 
vention, a conventional OSA base member is re- 
placed by a piece part which comprises both a 
base member and connector receptacle. For this 
embodiment, the molding of the outer package is 
simplified since there is no need to mold a recepta- 
cle feature. 

Brief Description of the Drawing 

Referring now to the drawings, where like nu- 
merals represent like parts in several views: 

FIG. 1 illustrates an exemplary leadframe ar- 
rangement suitable for use in association with 
the teachings of the present invention; 
FIG. 2 illustrates a portion of the leadframe of 
FIG. 1 illustrating in particular the attachment 
thereto of the requisite electronic circuitry and 
associated optical subassembly; 
FIG. 3 illustrates a portion of an alternative lead- 



frame arrangement particularly suited for an em- 
bodiment of the present invention wherein the 
optical device is directly attached to the lead- 
frame and a separate base member (which may 

5 comprise a connector receptacle) is aligned to 

the attached optical device; 
FIG. 4 illustrates a cut-away side view of an 
exemplary molded package including the elec- 
tronics and optics as illustrated in FIG. 3; 

10 FIG. 5 illustrates a partial cut-away view in per- 
spective of the package of FIG. 4; 
FIG. 6 illustrates a cut-away side view of an 
alternative molded package utilizing a single 
piece part base member-connector receptacle; 

is and 

FIG. 7 illustrates a partial cut-away view in per- 
spective of a molded transceiver package for 
use with a pair of opto-electronic assemblies, 
the arrangement of FIG. 7 utilizing a pair of base 
20 member connector-receptacle piece parts as il- 
lustrated in FIG. 6. 

Detailed Description 

25 Referring to FIG. 1, an exemplary leadframe 10 

is illustrated which includes a large number of 
severable leadframe sections for use with a num- 
ber of separate opto-electronic packages. It is an 
advantage of the present invention that the use of a 

30 leadframe structure allows for the simultaneous 
fabrication of a large number of opto-electronic 
packages, such as transmitters, receivers or tran- 
sceivers. Similar to conventional electronic inte- 
grated circuit processing, a plurality of integrated 

35 circuits may be simultaneously attached and 
wirebonded along locations 12 of leadframe 10. In 
accordance with the teachings of the present inven- 
tion, an associated plurality of optical devices are 
coupled to leadframe 10 at locations 12 and the 

40 combination of electronics and optics encapsulated 
using a molding process (e.g., transfer molding) as 
described in detail below, to form the final pack- 
aged assembly (as indicated by the dotted pack- 
age outline M). When the molding operation is 

45 completed, leadframe 10 may be severed along 
dotted lines 14 to form a plurality of final package 
assemblies. The remaining figures illustrate a sin- 
gle leadframe section and the various items asso- 
ciated therewith. It is to be understood that the 

so illustration of a single leadframe section is only for 
the sake of discussion and in general a larger 
number of opto-electronic assemblies are simulta- 
neously formed in production. 

A single leadframe section 20 is particularly 

55 illustrated in FIG. 2. Section 20 includes a central 
ground plane paddle 22 to which an integrated 
circuit 24 is attached. Integrated circuit 24 is sub- 
sequently coupled, using wirebonds, for example, 
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to selected leads 26 of leadframe section 20. A 
separate capacitive element 28, which may be re- 
quired for certain receiver configurations, is at- 
tached to leadframe section 20 as shown in FIG. 2. 
An optical subassembly (OSA) 30 (shown in an 
exploded view in FIG. 2), includes an optica! device 
32 supported on a mount 33 including electrical 
leads 31 and, possibly, a lensing element 34 which 
is embedded within a base member 36, where 
base member 36 may comprise a material com- 
patible with the molded housing of the outer pack- 
age (e.g., liquid crystal polymers, molded plastic, 
machined plastic, or machined metal). Electrical 
leads 31 of OSA 30 are then attached to leadframe 
section 20, using, for example, a pair of end prong 
leads 37,38 located at one end 39 of leadframe 
section 20. As shown in FIG. 2, end prong leads 
37,38 may be bent upwards at an angle of approxi- 
mately 90* with respect to the plane of leadframe 
20 so as to accommodate the orientation of the 
desired optical connection (not shown). Alternative- 
ly, leads 31 of OSA 30 may be bent downward, 
with end prong leads 37,38 remaining in the plane 
of leadframe 20. As will be described in detail 
below, the combination as illustrated in FIG. 2 is 
subsequently encapsulated using a molding opera- 
tion to form the final packaged assembly. 

FIG. 3 illustrates an alternative arrangement 
which may also be encapsulated to form an opto- 
electronic package in accordance with the teach- 
ings of the present invention. The electronic in- 
tegrated circuit portion 24 is identical to that de- 
scribed above in association with FIG. 2. In con- 
trast, however, optical device 32 is directly moun- 
ted on a leadframe section 21, without any sepa- 
rate optical subassembly housing. In particular, op- 
tical device 32 is mounted on a leadframe paddle 
40 formed as a portion of leadframe section 21 . As 
shown, paddle 40 may be formed to include an 
aperture 42 to allow the passage of an optical 
signal therethrough (alternatively, device 32 may 
be mounted on the opposite side of paddle 40 
such that the emitting (or receiving) surface of 
device 32 is unobstructed). The remaining connec- 
tion to optical device 32 is supplied by a lead 44 
formed adjacent to paddle 40. An advantage of this 
embodiment is the ability to simplify the assembly 
process related to the placement and attachment of 
the electronics and optics. In particular, the place- 
ment of integrated circuit 24 and optical device 32 
along the same physical plane (i.e., the plane of 
leadframe 21 ) allows for the automated attachment 
operations to be performed simultaneously for both 
the electronics and optics. Subsequent to the op- 
tical device attachment, base member 46 may be 
attached to the back side of leads 40 and 44, as 
shown in FIG. 3, to form the coupling optics. The 
portion of the leadframe holding optical device 32 



with the attached base member 46 may then be 
bent upwards 90 * to take the form shown in FIG. 
4. 

A final packaged version of the arrangement of 

5 FIG. 3 is illustrated, in a cut-away side view, in FIG. 
4. A similar package would be formed for the 
arrangement of FIG. 2. As shown, a molded outer 
package 50 is formed so as to completely encap- 
sulate both electronics 24 and optics 32 (including 

10 base member 46, or OSA 30 of the FIG. 2 embodi- 
ment). Rear portion R of package 50 comprises a 
molded body which may approximate, for example, 
the size and shape of a conventional 16-pin dual- 
in-line package (DIP). Other configurations may be 

75 utilized. However, conforming to the standardized 
package design has been found to simplify the 
design of the molding tool, as well as trim-and-form 
tools, since rear portion R conforms to international 
packaging standards. More importantly, the use of 

20 a conventional package design allows for auto- 
mated machinery (e.g., pick-and-place) to be used 
in the subsequent assembly of the package on a 
printed circuit board or the like. Forward portion F 
of package 50 is shown to flare upward to accom- 

25 modate the dimensions of base member 46. As will 
be discussed in detail hereinafter, package 50 may 
be molded to include a connector receptacle 52 as 
part of the final package. 

As mentioned above, an exemplary molding 

30 technique which may be used to form package 50 
is transfer molding, as used in conventional in- 
tegrated circuit packaging. In transfer molding, a 
preheated charge of thermoset molding compound 
is moved from a dielectric preheater into the mold 

35 cavity through a single inlet port. Transfer molding, 
as is well-known, is best suited for the type of 
insert molding required in this embodiment of the 
present invention, where it is desired to precisely 
form a connector receptacle which is aligned with 

40 an internal optical base member. During the mold- 
ing process, leadframe 21 (i.e., leads 26) is 
clamped in place to hold the components as sta- 
tionary as possible. Base member 46 is further 
held in place by a retractable pin 54 which pre- 

45 vents motion of base member 46 towards circuit 
24. A mandrel 56 is utilized to create inner bore 58 
of receptacle 52. Mandrel 56 also holds base mem- 
ber 46 stationary and essentially prevents the ther- 
moset material from entering base member 46 

so during the molding operation. Pin 54 may retract 
once the mold cavity is filled so that additional 
material will be able to flow into the void. 

FIG. 5 illustrates a partial cut-away view in 
perspective of an exemplary package formed in 

55 accordance with the description of FIG. 4. Illus- 
trated clearly in this view is connector receptacle 
52, formed as part of package 50 during the mold- 
ing process. For the particular arrangement of FIG. 

4 
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5, package 50 is formed so as to allow leads 26 to 
exit through sidewalls 62,63 of package 50. 

As mentioned above, a conventional optical 
subassembly such as OSA 30 of FIG. 2 may be 
replaced by a combination OSA and connector 
receptacle. Alternatively, a conventional base mem- 
ber such as member 46 of FIG. 3 may be replaced 
by a combination base member and connector 
receptacle. The use of such a combined piece part, 
in either arrangement allows for a simpler mold to 
be utilized. FIG. 6 contains a cut-away side view of 
an exemplary package 70 illustrating in particular a 
combination OSA-receptacle 72 (or alternatively, a 
combination base member-receptacle, if using the 
FIG. 3 embodiment). As with the arrangements 
discussed above, package 70 also comprises a 
leadframe 20 with integrated circuit 24. During the 
molding operation, leadframe 20 and OSA-recepta- 
cle 72 may be clamped in place to remain motion- 
less. The clamping of receptacle 72 thus limits 
movement of the OSA portion during molding and 
may eliminate the need for a separate retractable 
pin. As mentioned, the mold for this particular 
embodiment is simpler that that associated with the 
above-described embodiment of FIG. 4, since there 
is no longer the need to mold a connector recepta- 
cle. Therefore, various other molding technologies, 
including but not limited to, compression molding 
or injection molding (as well as transfer molding) 
may be used to form the outer package. A mandrel 
74 may be inserted through OSA-receptacle 72 
and used to further reduce the likelihood of motion 
of the components during the molding operation. 

FIG. 7 illustrates an alternative arrangement 80 
of the present invention where a pair of optical 
devices and associated electronics are housed 
within a single outer package 82. The pair of op- 
tical devices may comprise an optical transmitting 
device and optical receiving device, thus forming 
an optical transceiver. Alternatively, the pair of de- 
vices may comprise a pair of optical transmitting 
devices (for use in a sparing arrangement or as a 
dual-wavelength transmitter, for example) or a pair 
of optical receiving devices. For the embodiment of 
FIG. 7, an arrangement such as discussed above in 
association with FIG. 3 is utilized where the optical 
devices are directly attached to the leadframe. Fur- 
ther, arrangement 80 comprises a piece part 84 
including a combination of a base member and 
connector receptacle, as described hereinabove in 
association with FIG. 6. The combination of the 
base member and connector receptacle thus sim- 
plifies the molding design of package 82 as dis- 
cussed above. A plurality of leads 86, suitable for 
surface-mount attachment, is illustrated as exiting 
through sidewall 85 of arrangement 80. Addition- 
ally, arrangement 80 is illustrated as including a 
metallic coating 88 which is disposed over outer 



package 82. Metallic coating 88 is utilized to pro- 
vide, where needed, EMI shielding for the compo- 
nents contained within package 82. 

5 Claims 

1. An optical communication arrangement com- 
prising 

at least one semiconductor optical device 
to (32); 

electronic circuitry (24) for operating said 
at least one optical device; 

CHARACTERISED IN THAT 
the arrangement further comprises a lead- 
75 frame section (20) coupled to said at least one 

optical device and attached to said electronic 
circuitry; and 

molded outer packaging (50) disposed so 
as to encapsulate both said electronic circuitry 
20 and said at least one optical device. 

2. An arrangement as defined in claim 1, further 
comprising 

receptacle means (52) for facilitating at- 
25 tachment of a optical fiber to said arrange- 

ment said outer packaging being optionally 
molded to include the receptacle means. 

3. An arrangement as defined in claim 2, further 
30 comprising a base member (46) embedded 

within the package and aligned with the optical 
device for providing coupling of an optical fiber 
to said optical device, said base member op- 
tionally including a lensing element (34) 
35 aligned with the optical device. 

4. An arrangement as defined in claim 2, further 
comprising 

a base member (72) aligned with the op- 
40 tical device and formed to include the recepta- 

cle means, the outer packaging molded so as 
to allow the receptacle portion of the base 
member to remain exposed, said base mem- 
ber optionally including a lensing element 
45 aligned with the optical device. 

5- An arrangement as defined in claim 2 or 4, 
wherein the optical device is supported (via 
means 33) and electrically coupled to the lead- 
so frame section. 

6. An arrangement as defined in any one preced- 
ing claim, wherein the arrangement further 
comprises a metallic coating (88) disposed 

55 over the molded outer packaging. 

7. An arrangement as defined in claim 1 , wherein 
the at least one semiconductor optical device 
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comprises an optical transmitting or receiving 
device;, and 

the electronic circuitry comprises a trans- 
mitting driver circuit or an amplifier - decision 
circuit respectively, the arrangement forming 5 
an optical transmitter or receiver. 

8. An arrangement as defined in any one preced- 
ing claim, wherein the at least one active semi- 
conductor optical device comprises a pair of 10 
optical devices. 1 

9. An arrangement as defined in claim 8, wherein 
the pair of optical devices comprises a trans- 
mitting device and a receiving device so as to 15 
form an optical transceiver arrangement, or a 

pair of optical transmitting devices, or a pair of 
optical receiving devices. 

10. An arrangement as defined in claim 1, wherein 20 
the outer molded outer packaging comprises a 
molded plastic material, optionally being a 
thermoset transfer molded plastic material. 

25 
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© Molded optical package utilizing ieadframe technology. 



then simultaneously encapsulated in a molded outer 
package (50) to form the final arrangement. In one 
embodiment, an optical subassembly incorporating a 
fiber optic connector receptacle (52) may be utilized, 
wherein the molded outer package is configured 
such that the connector receptacle remains exposed. 
Alternatively, the molded outer package may be 
configured to include the connector receptacle. 




Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 



© An optical communication arrangement and 
method is disclosed which utilizes a combination of 
Ieadframe and package molding technology to re- 
duce the complexity of the arrangement. In general, 
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